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ABSTRACT

This report describes the routine (program) develcped for the
UNIVAC Solid State 90 Computer to edit and print a line cf numerical
information on the high speed printer. The details of the construc-
tion of the routine, as well as instructions for its use, are described.
An example of the coding produced is also included.

The routine has proven very useful for work at this arsenal and
it is presented in this report to make it available to other users of

the USS-90 machine. The general ideas may also find application in
the work of other type computers.
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PRINT EDIT ROUTINE GENERATOR
(PERGE)

INTRODUCTION

PERGE is a routine programmed for the Solid State 90 Computer
to generate coding in X-6 assembly language which will edit and
print one line of numerical information, The information to be
printed can be one line of fixed point or floating point numbers,
but a combination of both types on the same line is not permitted.

1'BISCUSSEN

The UNIVAC Solid State 90 Computer has, as part of its per-
ipheral equipment, an on-line printer capable of printing up to
600 lines per minute, one line at a time, with 130 characters on
a line. The 130 characters printed on any one line are determined
from the contents of 26 ten-digit locations within any of the 25
bands dividing the magnetic drum.

The format of any printed line can then be varied according
to the contents of these 26 locations. These locations must be
set up by the programmer writing a routine for each different lime
of print desired. To merely print sequences of numbers is not
difficult, and takes few programming instructions to perform. How-
ever, if it is desired to add minus signs, decimal points, or blank
spaces in the line, the amount of coding necessary to insert these
characters in the proper posjtions is greatly increased. In the
sample fixed point routine (discussed later), 308 lines of coding
are used to print nine fixed point numbers with their associatad
signs and decimal points.

The actual programming of these instructions is not at all
difficult, but it is certainly time consuming, tedious, repiti-
tious, and usually boring to the programmer,

PERGE will eliminate the need for writing print routines for
every new format that is required for the output of numerical data,
A PERGE-generated routine can be included in any program, with
very few restrictions placed on the user,

The generated routine will print the numbers found in the
locations designated by permanent tags. Each number will hava



its associated sign, and three blank spaces will always be in-
serted between two successive numbers. No matter how many or

how few numbers are printed on one line, the first number always
begins on the extreme left of the page and continues in this for-
mat, with only three spaces between each number. The numbers will
not be centered on the page.

This routine has proven very useful for work at this arsenal,
Informal exchange of information with other users of the USS 90
machine has indicated a general need for this type of routine.
Also, the general ideas may find application in the work of other

type computers.

SPECIFICATION CARDS - INPUT TO PERGE

The information necessary to PERGE in order to generate the
desired print routine is punched into cards which are read by the
PERGE program, These cards designate the type of routine to be
generated, fixed or floating point, the tag associated with each
desired number, and the sequence in which these numbers are to be
printed.

A maximum of eight specifications may be made on one card.
For each specification word, a ten-column field is used on the
card in the following format.

Specification Word Card Columns

1-10
11 - 20
21 - 30
31 - 40
46 - 55
56 - 65
66 - 75
76 - 85

oo nps LN =

:The specification word of ten digits has the following formats
- NNNNNAMA D1Dy
where NNNNN is the permanent tag assigned to the number to be printed,

D; is the number of digi*s that are to appear to the left of
the decimal point,



D, is the number of digits that are to appear to the right
of the decimal point.

D; and D, can be any number from O to 9. The number 10 is repre-
sented by the letter K, If a floating point print routine is de-
sired, then D and Dy are not numbers, but the letters KK,

For a fixed point routine, a maximum of 16 numbers may be
designated to be printed. The size of each of these numbers is
variable, but must be no greater than ten digits. Of course, the
total number of digits plus the associated signs, decimal points,
and spaces, cannot be more than 130, The maximum number of float-
ing point numbers that can be printed is eight.

Since only eight specification words can be placed on one card,
the input to PERGE (the specification card) can be either one or
two cards., No special indications are required if two cards are
necessary, PERGE is programmed to handle either case with no in-
tervention by the user or operator,

The object program which uses a PERGE-generated print routine
for fixed point numbers must position those numbers according to
the number of digits to be printed. For example, if the fixed
point number 123,1234 is to be printed with three digits to the
left and two digits to the right of the decimal point, the number
must be positioned in its storage location as

0000012312

A print interlace (Pl) must also be specified in a type 4 card
prior to assembly with the object program,

INTERNAL OPERATION

Redundant Nature of Instructions to Set Up Interlace

The instructions which must be written to produce a program to
print a line of numerical information are, in general, redundant,
and can be divided into several sets, Each set of instructions will
be similar in nature for each number, but will, of course, usually
be different with respect to operands of some instructions and, in
some cases, a few instruction have to be added or a few deleted,

Some sets or subsets will always be the same, or at least of
the same form, for each outp.: word desired. One example is the set



of three instructions necessary to load one of the registers with
the particular output word and the transfer to the general sign de-
termination routine. The set of instructions which is used to make
the sign determination is written only once and is generalized so
that it may be used for each word. This set of instructions is al-
ways the same and can be written first, without consideration of the
form, number, or layout of the numbers to be printed.

Floating point and fixed point output instructions have really
the same sort of sets of instructions. Floating point, of course,
has fewer sets, and these are less variable than those in the fixed
point output, Because of this, instructions to print floating point
output are much simpler to generate. Bookkeeping and control func-
tions can be kept to a minimum in the generating form.

Fixed Point Generator

The first sets of instructions which are generated, as mentioned
previously, are the set to determine the sign of the word and the set
to load the register with the first word. Having generated these sets,
the remaining sets can be divided into the following general cate-
gories,

Set C - Shifting and storing of the actual sign after its determin-
ation,

Set D - Shifting a space open for the later ingertion of the decimal
point,

Set E - Shifting the number to place it in proper position for the
print interlace,

Set F - Buffing the signs, decimal points, and possible parts of
previous words, and storing in the print interlace.

All four of these sets contain shift instructions which, of
course, vary with each number and relative position of that number
in the layout of the print line. Set F can vary as to which in-
structions should be written according to whether or not there is
a sign in the print word being processed, one sign, two signs, a
decimal point, two decimal points, or none, a part of another num-
ber remaining from a previous word, or any combination of these
conditions. To provide the necessary control functions and var-
iables, ten tables are generated from the data read from the spec-
ification cards,



Two of the tables are merely the untranslated specification
words - one table is for the primed and one for the unprimed parts
of the words., These tables are used to pick up the tags which
designate the names of the numbers to be printed, and the numbers
D and D, are translated t- make up two more tables, one for each
D; and Dy. All four of these tables have a maximum of 16 entries
each. While these tables are being generated, a check is made to
insure that no more than 130 characters will be necessary to print
the numbers as specified. If the number of characters required
exceeds 130, a stop is provided before any coding is generated,

The table containing D2 is now a set of variables which can
be inserted in a shift instruction in Set D to open a space for
the insertion of a decimal point.

A table of 13 entries is now constructed tc give a picture of
the complete layout of the desired print line, This layout is
generated so that the program can scan each entry, or code word,
and make a determination as to how many decimal points there are
or how many signs and their positions in the particular print word
being operated on. The codes used in making up these entries are:

0 - Space between numbers
Decimal point

Sign of a number
Digit of a number.

1
2
3

As an example of one of these entries, assume that the first spec-
ification word read by PERGE was AAMAFAM 43, The first entry of
the code word table would appear as follows:

2333313330

Using this table of code words, the two erase word tables
can be easily manufactured. The erase words are used in the gen-
erated routine to insure that the spaces between the printed anum-
bers will be blanks, and not printed zeros. One table contains
the unprimed part and the other the primed part of the erase words.
These entries are generated from each code word in the following
way.

1. A word of all one's is added to the code word.
2, The result is translated to card code,
3. The primed part of this translation is multiplied by 4,

4, This result is translated to card code and the primed part is
stored as the primed part of the erase word,



5. This primed part of the erase word is then translated to card
code.

6. The unprimed part of this translation is stored as the unprimed
part of the erase word.

) The table containing the entries used in Set C to position the
sign of eseh number (N1) is made for all 16 possible entries ac-
cording to the following formula,
N1y = 10 - [(15 - N33 + 24.;) mod 10]
vhere 2§ = D1; + D2j
N1, = 10
zZ, = 6.

The table for Set F to position each decimal point (N4) is con-
structed as follows,

N4y = (N4g_q + D2y + D1y + 5) mod 10
where N4, = 0
D2, = -4.
The table for positioning each number in Set E (N3) is simply
N3; = (¥4; + 1) mod 10,

In addition to the code word table, three other control words
are used. Control word one (CWl1) contains a record of how many, if
any, signs are to be inserted in the print word currently being as-
sembled, The contents of CW1l will cause certain buff and store in-
structions to be inserted or deleted from Set C,

CW2, similarly, keeps a record of the number of decimal points
which must be inserted and it, too, causes certain buff and store
instructions to be inserted or deleted from Set E,

|
CW3 indicates the condition that there may or may not exist
a part of a number from a previous print word which could not be
whelly contained in that word. This also causes some buff and
store instructions to be inserted in Set F,

As information concerning the layout of each print word is ex-
tracted from the corresponding entry in the code word table, the
codes are erased, The condition cf tue code word then gives an



indication as to when a print word has been completed and is ready
to be stored in the interlace. When the word is not completely
erased, and a 2 code (which represents a sign) appears next, this
indicates that the print word kas not been fully sssembled and

that a new tag must be picked up from the specification word table,

The end conditions (i.e., when all the desired numbers have
been processed) dictate the pzrticular subsets which may be re-
quired to complete the genzrated routine. For example, the last
code word may not be zero, and all the specification words may have
been used. This indicates that any number of subsets of sets D, E,
and F may be necessary before terminating the generation.

Floating Point Generator

The coding to set up and prirt floating point numbers, in gen-
eral, is much simpler than that necessary to print fixed podnt data.
The sets required zre fewer in number, have fewer variables, and
are easier to construct than the fixed point sets.

. Because of the format design, there are basically only two sets
in addition to sets A and B, If the floating point words to be
printed are numbered, starting with the leftmost number as 1, the

same instructions for all tte odd-numbered and a slightly different
set for all the even-numbered floating point numbers can be generated.
The only tzbles required then are the two for the specification’

words containing the tags assigred.

The erase wecrds necesssry then are reduced to four, one of
which me; or m#y not be required, depending upon whether the last
r.umber was even or odd.

The end ccrnditicns are simple in that, again, there may only be
two different subsets req.ired to terminate the instruction generation.

Efficiency of Ce«nerated Routine

In determining the efficiency of the instructions generated by
PERCE, tlie major corsideration was how may instructions were gen-
erated whict cculd ltave been cmitted with no harmful effect to the
result. All conditic- - it~ might appear during actual use of PERGE
Lave obvicusiv not teen ~x-ni--d, especially in the fixed point



generation, but it appears that very few conditions will cause un-
recessary instructions to be assembled. One example is the case in
vhich there are two decimal points in the same word, one of which
Lappens to be in the same digit position as in the words containing
the unprimed and primed parts of the decimal point itself,

Output from PERGE

Output from PERGE is in two forms., The high speed printer will
print each instruction as it is generated, and a card is punched for
each instruction in the standard X-6 format. A type 7 card precedes
the first detail card of the routine genetated, and a type 9 card is
punched as the last card of the routine.

Sample Fixed Point Routine

The following specification words were supplied to PERGE in
order to obtain a routine to print nine fixed point numbers of var-
iable length.

Tag D1 D2
AAAAF 43
BBBBF 72
CCCCF 21
DDDDF 31
EEEEF 82
FFFFF 62
GGGGF 45
HHHHF 35
IIIIF 61

The fcllowing is a cory of the entire routine generated by
PERGE to prirt this set of numbers,



0.0...O.DO...D.D.C0.0’O..DOOOOOODOOOOODOCOOOOOOCODOCGOOOOOOQ

PRNOOL
PRNOOZ
PRNOO3
PRNOOU
PRNOOS
PRNOO6
PRNOO7
PRNOOS
PRNOO9
PRNOLO
PRNO11
PRNO12
PRNO13
PRNOLY
PRNO1S
PRNO 6
PRNOL7
PRNO18
PRNOL19
PRNO20
PRNO21
PRNO22
PRNO23
PRNO2Y
PRNO2S
PRNO26
PRNO27
PRNO26
PRNO29
PRNO30O
PRNO3S
PRNO32
PRNOJD
PANOIG
PRNOIS
PRNOIG
PRNOJ7
PRNO3S
PRNOIO
PRNO&O
PRNOM L
PRNOM2
PRNOS3
PRNON&Y
PRNOA3
PRNOAS
PRNO&T
PRNOSS
PRNOAY
PRNOSO
PRNOS1
PRNOS2
PANOSI
PRNOSY
PRNOSS
PRNOSG
PRNOS?
PRNOSS
PRNOSO
PRNOCGO

ouF

02F V
o3F P
PRNTF

STA
LOA
CAA
cLL
TEC
LOA
LoL

STA
LoxX
LDA
SHL
STA
DA

STA
LOA
cLx
SHR
SHL
BUF
SHR
SHR
MTC
Zup
ERS
ATL
STX
LDA
LOX
SHR
8UF
8UF
STA
LOA
BUF
8uF
STA
Lox
LOA
SHL
STA
LDA

STA
L0A
cLx
SHR
SHL
ouF
SHR
STX
MTC
vp
ERS
8UF
STA
LOA

10F
RX

10F
O2F
O3F

exXITF
AAAAF

0900
OSF
RL
0900
O6F
RX

0300
0100

O3F
0600
oK00

0200

arr

JaF
osF
r1UO2
RX

osr



PRNOGL
PRNOGZ
PRNO63
PRNOGU
PRNOGS
PRNOGS
PRNOG7
PRNOGS
PRNOG9
PRNO70
PRNOTL
PRNOT2
PRNO73
PRNOTY
PRNOTS
PRNO76
PRNOT?
PRNO?78
PRNOT9
PRNOSO
PRNOSL
PRNOS2
PRNOS3
PRNOSY
PRNOSS
PRNOB6
PRNOB7
PRNOSS
PRNOSS
PRNO90O
PRNO9 L
PRNO9SZ
PRNOOS
PRNOOA
PRNOOS
PRNOOS
PRNOO?
PRNOOS
PRNO99
PRN10O
PAN1OL
PAN102
PRAN103
PRN1OS
PAN1OS
PRN1OG
PRN107
PRNIOS
PRAN10Y
PRN110O
PRNLLL
PRN112
PRNLLS
PRN1LS
PRNLLS
PRNILG
PRN1L?
PRNLLS
PRN1LS
PANL 20

suF
STA
LOX
L0A

STA
LDA

STA
LoA
cLx
SHR
SHL
8UF
BUF
STX
MTC
up
ERS
ATL
STX
LDA
LOX
STA
STX

OoF
r1PO2
cecer

0300
osr
RL

RX

0100
0100
o3F
a7F
arr

osr

oar

oar
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PRN121
PRN123
PRN123
PRNI24
PRNL2S
PRN126
PRN127
PRN12S
PRN129
PRN130
PRN13L
PRN132
PRN133
PRN134
PRN13S
PRN136
PRN137
PRN138
PRN139
PRN140O
PRNI&]
PRN1G2Q
PRN1S3
PRN1SG
PRNIAS
PRN1&6
PRN147
PRN1AS
PRN14&9
PRN1SO
PRN1SL
PRN152
PRN13D
PRN15S4
PRN1SS
PRN1S6
PRN1ST
PRN1ISS
PRAN1S9
PRN160O
PRN1GY
PAN162
PRANLGD
PRN1GS
PRN1GS
PRN1 GG
PRNL1GT
PAN1GS
PRN169
PRANLTO
PRANITL
PRNIT2
PRNLITI
PRNLTS
PANLITS
PRNLTS
PRANLT?
PRNITS
PRNIT®
PRNLSO

BUF
BUF
STa
LODA
auvF
BUF
STA
LOX
LDA

STA
LDA

STA
LDA
cLX
SHR
SHL
8UF
SHR
STX
MTC
Zup
ERS
8UF
STA
LOA
aur
STA
LoX
LDA
SHL
STA
LOA

STA
LOA
cLx
SHR
SHL
surF
SHR

STX
MYC
uP
ERS
ATL
STX
L0a
LOX

sur
STA
LOA
suF

STA
LOA

osr
PIUOY
RX
orr
OeF
P1PON
CEEeF

0600
osF
L8
0600
06F
RX

0200
0100
O3F

27F

3SF
0sF
PLUOS
L}

P1POS
PFFFF

0100
osF
S
0100

0200
0100
o3

arr
arr

our

oaF
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PRN181
PRN1SZ
PPN1S3
PRN1BY
PAN1SS
PRNLSG
PRN1S7
PRANISS
PRN1ISY
PRN19O
PRN19}
PRN1IO2
PRNIOS
PRN1O4G
PRN19S
PRN196
PRNIOT7
PRN198S
PRN199
PRN20O
PRN20L
PRN202
PRN203
PRAN204
PRN20S
PRN206
PRN207
PRN20S
PRN209
PRN210O
PRN21
PRN212
PRN213
PRN214
PRN21S
PRN216
PRN2LT
PRN21S
PRN219
PRN220
PRN22)
PRN222
PRN22
PRAN22&
PRN22S
PRN226
PRN227
PRN22S
PRN229
PRN23O
PAN2IL
PRN2I2
PRN2D3
PRN234
PRN2IS
PRNZIG
PRN237
PRN23S
PRN2IY
PAN2SO

MTC
Zup
ERS
ATL
STX
L0a
LOx
SHR

STA
LDA
SUF
STA
Lox
LDA
SHL
STA
LDA
SHL
STA
LDA
CLx
SHR
SHL
aurF
SHR
SHR
$TX
MTC
i1 4
ERS

STX
DA
LOX

ouUF
sUF
STA
LDA

surF
STA
LOX
LoA

STA
LDA

STA
L0A
cLX

SHL
o
ouF
sSTX
nYe

37F

O7F
o8F
ooF

P3Oy
RX
orr
PiPO?

0800
oSF
RL
0800

0300
0400

0700
0K00
arr
38F
orF

osr
ooF

"L
osF
P1UOCS

orF
PLPOS

are
are

OuF
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PRN28L
PRN2G2
PRN2GS

PRN2SS
PRN266
PRN2&?Y
PRN24S
PRN24S
PRN2SO
PRN251
PRN2SS
PRN2SS
PRN254
PRN2SS
PRN2SG
PRN2S7
PRN2SS
PRN2S

PRN26L
PRN262
PRN26D
PRNZOS
PRN26S
PRN2GS
PRAN267
PRN26S
PRN2OY
PRN270
PAN27L
PRN272
PRN2T?3

PRN27S

PRN27S

PRN3OO

31

Fi1311

9C

111zF
0100

0100

osrF
PiuL0
/X

o6F
P1P10
arr

“r

orr
osr
oo
0300

L
fLuLy
RX

orr
PiP1s
1001 EXITP

L]

OTTYT TTYTO
0007T TYTTY
TTT00 0OTYY

TTTYIT TTY0O
00VTT TYTTY

13



PRN3OL 39F 77000 OYTYT
PRN302 4OF TYTYT 00007
PRN303 43P TYIYT YY000
PRN304 PiULE
PRN30S PiP12
PAN3IOS® PIULI
PANIOT PLPLS
PRN30S

. X N X X K- N R
vECEvC

The preceding was assembled into machine code along with a sample
set of numbers in their respective tags. The following is the line of
print obtained from the generated routine,

1234.567 -1234567.89 12.3 ~-123.4 12343678.90 -123456.78 1234.56789 -123.45678 123456.7

A second version of PERGE has also been written which will generate
coding in the S-4 assembly language. This langusge is not significantly
different from X-6 in its format; thus no major changes to PERGE were
necessary. With the S-4 version, the first and last cards are the
'HED C' control to clear the temporary tag table,

It is expected that several additions will shortly be made to both
versions of PERGE, An option of choosing a print interlace other than
Pl is being added. That is, for any particular generated routine, the
number of the interlace, 0-9, will be controlled by the user. A pos-
sibility of adding a second print interlace with column headings cor-
responding to the tags is also under consideration.

Instruction Sets

Set A - Sign Determination

O04F STA 10°

LDA RX

CAA

CLL

T2Q 10F

LDA 02F

LDL 03r 10F
02F U --
03F P .-

14



Set B - Enter and Pick up New Tag

PRNTF STA
LDX
LDA

Set C - Shift and Store

SHL
BUF
STA
LDA
SHL
BUF
STA

Set D - Open Space for Decimal Point

LpA
CLs
SHR
SHL
BUF

Sign

EXITF
(Tag)

ONOO
05F
O5F

RL

ONOO
06F
O6F

RX

ONOO
0100
O3F

Set E - Position Word for Interlace

SHR
SHR
BUF
STX

ONOO
OKO00
27F
27F

Set F - Store Word in Interlace

MTC
ZUP
ERS
ATL
STX
LDA
LDX
SHR
BUF
BUF
STA
LDA
BUF
BUF

nnF

07F
08F
O9F
ONOO

bsF
PlUnn

O7F
O6F

15

O04F



STA
STA
STX
BUF
BUF
LDA
STX

P1Pnn
28F
29F
28F
29F
27F

P1Pnn

Set G - Erase Words for Floating Point

31F
32F
33F
34F

OTTOTTTITT
TTOO00TTOT
TTTTITTO00
TT00000000

16
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